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Design Considerations for ease of access and maneuverability of OCT 









With the advent of instruments incorporating elements of confocal microscopy and Optical Coherence Tomography 
(OCT), optical technologies are steadily gaining usage in a variety of biomedical applications. They offer tissue 
visualization both at the superficial level and in depth, they operate using non-ionizing radiation at a relatively low cost, 
and the procedures are easily tolerated by patients. One area of growth for optical imaging is in the oral cavity, which has 
excellent optical accessibility both for dental tissue and oral mucosa. The need to image features accurately (both as part 
of oral mapping and as part of investigating the underlying tooth structure) requires producing 3-D volumes with 
sufficiently good lateral and vertical resolution to allow identification of features of interest. 
 
Although a few types of intraoral optical scanners are already successfully commercialized for surface mapping, the 
examination of optical design considerations that are particular to scanned beam imaging in the oral cavity does highlight 
particular challenges of interest to both clinicians and optical engineers engaged in designing the next generation of 
optical instruments.  
 





Optical Coherence Tomography (OCT) is an interferometric technique capable of detecting light scattered from within 
tissue or from boundaries between different tissue layers. It can be used to obtain structural sub-surface morphology of 
regions situated up to a few mm inside tissue, as well as from the surface / air-tissue boundary (which can be of 
considerable interest in dental investigations [1]-[4]).  
 
Optical instruments that can facilitate non-OCT type of confocal imaging of dental tissue in the oral cavity have been 
successfully commercialised, such as for example iTero (Align Technology), CEREC (Dentsply Sirona), Trios (3Shape) 
and several others [5],[6] but they rely on relatively high levels of confocality which is necessary to provide depth 
discrimination of the air-tissue boundary, with a resolution of around 10 microns.  
 
OCT requires a probe beam and a reference beam. Lateral resolution is achieved by delivering the probe beam through a 
confocal channel of (typically) low to medium confocality (NA between 0.1 and 0.4), in order to maintain a reasonable 
depth of focus both at the target tissue and below the surface of the target tissue. Since OCT relies on interferometric 
rather than confocal depth sectioning, the emphasis is on lower magnification and better depth of focus for OCT 
imaging.  
 
Apart from delivery through a confocal channel, the need to provide illumination and collection of backscattered light 
imposes its own constraints in OCT depth imaging. Exploring volumes within teeth and soft tissue in the oral cavity is 
achieved by scanning the optical beam laterally across the area of interest (which may be only as wide as an individual 
tooth, or, if mapping is desired, may extend across several teeth to a quadrant or an arch, which has been shown to be 
possible with 3D intraoral scanners). Regardless of the design, the optical conduit of such devices should have an exit 
aperture that is wide enough to accommodate the beam as it is being scanned ([7],[8]). For a beam diameter of 2-3 mm 





thereby increasing the exit aperture of the tip of the instrument which may be difficult to accommodate particularly for 
posterior teeth.   
 
Information from up to several mm within tissue can be obtained in several wavelength windows, mostly in the near 
infrared wavelengths of 750 nm and longer which are suitable for deeper penetration in dental tissue and oral soft tissue, 
whose light attenuation properties due to water absorption should be taken into consideration. For in vivo imaging at 
faster speeds, Swept Source OCT (SS-OCT) configurations are often employed due to their higher sensitivity and 
generally faster scanning speeds.  
 
In the context of imaging of oral cavity tissue, the design of the system delivering the probe beam to the desired volume 
of tissue (comprising tissue surface and a depth of 2-3 mm immediately below it), should be informed by the imaging 
resolution, lateral / depth of field size requirements and working distance as well as by the ease of access to parts of the 
oral cavity. These are often competing requirements, and typically the magnification of the confocal platform on which 
the OCT system is built is relatively low, in order to produce useful images of features in the mm range.  
 
This paper examines the possibility of building a versatile  optical column in the object arm of an OCT system, using 
common GRIN lens elements, with the purpose of allowing easy access to a large part of the oral cavity in a way that 




2. DESIGN CONSIDERATIONS 
 
The key design consideration for the confocal microscopy platform employed to deliver the investigation beam to the 
tissue volume for imaging is the need to form the OCT image by scanning the beam laterally, usually at right angles to 
the direction of propagation of light. This is commonly accomplished by pivoting the beam around the axis of a 
galvanometer scanner situated at the entrance aperture of a telescope system, with the tissue located axially at the 
conjugate point of the telescopes exit aperture as described in the diagram in Fig.1. The length of the telescope system 
constitutes the bulk of the distance between scanner and tissue. Ideally the number of elements in the telescope should be 
kept to a minimum in order to avoid a loss of intensity due to stray reflections.  
 
Figure 1. Scanning setup used to facilitate the lateral exploration of a the surface of interest. The pivot axis of the scanner 
is placed at the entrance aperture of the telescope consisting of refractive elements of focal lengths f1 and f2. 
The image plane is conjugate with the exit aperture of the telescope.  
One specific set of design parameters to oral cavity imaging can be derived from the need to angle the imaging 
instrument around teeth in order to image either dental tissue (e.g. molars from the side) or oral soft tissue. Although 
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to mitigate against this, while retaining the advantage of a small aperture, a suitable design for the telescopic system dual 
axis scanner may be designed for particular tissue imaging in a non-telecentric way that allows a larger field, similar to 
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